Acid denaturation and refolding of green fluorescent protein.
Green fluorescent protein from the jellyfish Aequorea victoria can serve as a good model protein to understand protein folding in a complex environment with molecular chaperones and other macromolecules such as those in biological cells, but little is known about the detailed mechanisms of the in vitro folding of green fluorescent protein itself. We therefore investigated the kinetic refolding of a mutant (F99S/M153T/V163A) of green fluorescent protein, which is known to mature more efficiently than the wild-type protein, from the acid-denatured state; refolding was observed by chromophore fluorescence, tryptophan fluorescence, and far-UV CD, using a stopped-flow technique. In this study, we demonstrated that the kinetics of the refolding of the mutant have at least five kinetic phases and involve nonspecific collapse within the dead time of a stopped-flow apparatus and the subsequent formation of an on-pathway intermediate with the characteristics of the molten globule state. We also demonstrated that the slowest phase and a major portion of the second slowest phase were rate-limited by slow prolyl isomerization in the intermediate state, and this rate limitation accounts for a major portion of the observed kinetics in the folding of green fluorescent protein.